Adult pilocytic astrocytomas (APA) are rare tumors with an incidence of 3.4 per 1 million [1] . These tumors usually arise from deep midline structures as well the brainstem and cerebellum. Juvenile piloytic astrocytomas occurring in children are curable with complete surgical resection [2] . Very few studies have prospectively investigated pilocytic astrocytomas in adults, but some retrospective studies and anecdotal reports suggest that APAs have a more aggressive clinical course when compared with Juvenile piloytic astrocytomas, with a higher incidence of tumor recurrence and progression [3] . Recurrence rates for APA have been reported as high as 30-42% [4] . Currently, no standard of care exists for treatment of APA, especially following recurrence.
Bevacizumab (BEV) is a humanized monoclonal antibody directed against VEGF. The blocking of VEGF pathways has been demonstrated to decrease the permeability of vasculature and decrease perilesional edema in glioblastoma [5] . Several studies have shown no overall survival benefit with BEV in glioblastoma [6, 7] , although antiangiogenic treatment alone has not been studied in APA. One case series demonstrated clinical and radiographic improvement with the combination of BEV and temozolomide (TMZ) [8] . TMZ is an alkylating chemotherapeutic agent that penetrates the blood-brain barrier and is currently approved for treatment of malignant glioma [9] . APA are known to be highly vascular tumors with high levels of transcription and expression of VEGF and its receptors [10] . Given their vascularity, we hypothesized that APA may be uniquely responsive to treatments that block VEGF such as BEV. 
Case series
We present a series of four consecutive adult patients with pathologically diagnosed WHO grade I pilocytic astrocytoma who had a robust and durable response to BEV at time of recurrence. The median age at diagnosis was 34 years (range: 23-66). Three tumors were located infratentorially (cerebellum, tectum and brainstem) and one in the lateral ventricle. Two patients underwent a partial resection, one a near total resection and one patient underwent biopsy only. Two patients developed hydrocephalus requiring placement of ventricular shunts. BRAF v600E mutation and IDH mutation were absent in all patients. Ki-67 proliferation index was 5-9%. Initial treatment was radiation alone in three patients and concurrent radiation and TMZ in one patient (Table 1) .
Patient 1
A 66-year-old man presented with gait instability, vertigo, nausea and cognitive decline. Brain MRI showed a contrast enhancing cerebellar vermian lesion with mass effect on the fourth ventricle and obstructive hydrocephalus. He underwent a partial tumor resection with persistent diplopia postoperatively. Pathology was consistent with a pilocytic astrocytoma with atypical features and detection of KIAA1549-BRAF fusion. His MGMT promoter methylation status was indeterminate. He underwent treatment with concurrent radiation and TMZ. His course was complicated by a pseudomeningocele and required placement of a ventricular shunt. 4 months later, MRI brain with gadolinium showed a significant increase in APA contrast enhancement and a new region of nodularity. Given his worsening symptoms and performance status he was not a candidate for surgical re-resection.
Patient 2
A 43-year-old man presented with bilateral progressive hearing loss, tinnitus and headaches. Brain MRI showed a contrast-enhancing mass within the frontal horn of the right lateral ventricle with mild hydrocephalus. He underwent a near total resection of the mass without complications. Pathology was consistent with a pilocytic astrocytoma. He underwent radiation therapy alone. Repeat brain MRI with gadolinium seven months later showed significant interval increase of tumor enhancement, as well as new, irregular enhancing ependymal foci. He was then started on treatment with TMZ, which was complicated by thrombocytopenia.
Patient 3
A 25-year-old female presented with new onset headaches, nausea, emesis and left-sided numbness. Brain MRI demonstrated a contrast enhancing right dorsolateral tectal mass involving the right thalamus with moderate compression of the brainstem and acute obstructive hydrocephalus. A ventricular shunt was successfully placed to alleviate the hydrocephalus. She underwent biopsy of the tumor and pathology was consistent with pilocytic astrocytoma. Given the tumor location she was not a candidate for resection and was initially treated with 6 weeks of radiation therapy and steroids. 10 months later she developed diplopia, ptosis and worsening headaches, which were refractory to steroid therapy. MRI brain with gadolinium at that time showed increased contrast enhancement and tumor extension.
Patient 4
A 23-year-old female presented with new onset headaches in the setting of pregnancy. MRI of the brain revealed a contrast enhancing anterior brainstem mass with surrounding vasogenic edema and an ependymal nodule lining the fourth ventricle. She underwent partial surgical resection without complications. Pathology was consistent with pilocytic astrocytoma. She underwent radiation therapy and was treated with multiple courses of steroids. Her course was complicated by multiple bi-hemisphreic infarcts as well as complications of prolonged steroid use including Cushing syndrome and thoracic compression fractures. She was unable to successfully taper off of steroids due to mass effect and recurrence of neurologic symptoms. Contrasted MRI brain eleven months following diagnosis showed persistent tumor enhancement and mass effect.
Diagnosis/assessment
Patients 1, 2 and 3 developed radiographic changes on MRI, including disease outside the radiation field, that were consistent with progressive disease based on Response Assessment in Neuro-Oncology (RANO) criteria ( Figure 1 ) [11] . Patient 4 had persistent contrast enhancement of her tumor and increased perilesional edema on follow-up MRI brain, despite prior radiation. The median time to recurrence was 8.5 months (range: 4-10 months).
Treatment/management
All patients were treated with BEV 10 mg/kg every 14 days for six cycles at the time of recurrence. Treatment with BEV was well tolerated and no patients experienced adverse effects. One patient also received adjuvant TMZ. Following treatment with BEV, steroids were able to be weaned and discontinued in all patients.
Outcome/implications
At the end of treatment with BEV, all patients had achieved a significant clinical and radiographic response. MRI brain obtained after six cycles of BEV showed significant decrease or resolution of tumor contrast enhancement in all patients. All patients experienced a significant reduction in tumor size following BEV on follow-up brain MRI. Patients 1 and 3 experienced complete responses, with no radiographic evidence of tumor visualized on follow-up MRI. The median follow-up time after treatment with BEV is 22 months (range: 7-37). As of their last follow-up visit, no patient has recurred.
Discussion/conclusion
Although, BEV has failed to demonstrate an overall survival benefit to date in adult gliomas, it has been shown to prolong progression-free survival in glioblastoma [12] . This series suggests that BEV may have true antitumor activity in APA, improving both progression free and overall survival. Recurrence in APA in this series is consistent with previous reports. Sustained decrease in tumor size and contrast enhancement following BEV, suggest that it may be an important agent to achieve durable disease control. The imaging findings may have also had a component of radiation necrosis, which can spontaneously resolve. We believe that BEV at a minimum helped to hasten this response in addition to treatment of tumors outside of the radiation field. The unique features of APA including hyaline vessels and vascular proliferation may be affected by antiangiogenic treatment, resulting in decreased vascular permeability and proliferation and overall tumor reduction [13] . To date, there are no prospective studies evaluating the use of antiangiogenic treatments in pilocytic astrocytoma. This case series suggests that targeting angiogenesis may be a novel therapeutic approach in APA. Given the low incidence of this tumor, future multicenter studies to further assess efficacy are warranted.
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